Background: Whether readmission rates vary by primary care physician (PCP) is unknown, although federal policy holds PCPs accountable for reducing readmissions.
R
eadmissions for Medicare beneficiaries are costly, and some may represent poor quality of care (1, 2) . Prompted by the high cost, poor quality, and hospital variation associated with readmissions (3), the Centers for Medicare & Medicaid Services (CMS) launched the Hospital Readmissions Reduction Program, a pay-forperformance program that encourages hospitals to reduce readmissions by decreasing payments to hospitals with excess readmissions (4) . Evidence suggests that the program may have succeeded in reducing readmissions (5) . Nevertheless, rates remain high, and further improvements will require a better understanding of other factors that may influence readmissions.
Risk for readmission might be influenced by the physicians providing care. This includes care during the initial hospitalization by the inpatient physician, follow-up care after discharge by the primary care physician (PCP), and emergency care after discharge by the emergency department (ED) physician. Readmission rates are higher in patients receiving inpatient care from hospitalists than in those receiving it from their PCP (6) . However, risk for readmission does not vary by individual hospitalist (7) . Early follow-up after hospital discharge is sometimes associated with lower readmission rates (8, 9) . We previously reported that risk for readmission varies moderately but significantly by ED physician, identifying an opportunity for improvement (10) . However, whether PCP care influences readmissions is uncertain, although CMS has implemented a policy incentivizing PCPs to reduce readmissions (11) .
We undertook this study to determine whether risk for readmission varies by PCP. We also assessed variation among PCPs in the rate at which they see patients in outpatient follow-up within a week of discharge.
METHODS

Data Source
We used 100% of data from Texas Medicare claims for 1 January 2007 through 31 December 2015. These include the Medicare denominator file for demographic and enrollment information, the carrier file for physician claims, the outpatient statistical analysis file for outpatient claims, and the Medicare Provider Analysis and Review (MedPAR) file for inpatient claims.
Cohort Selection
The study used 2 different cohorts, 1 to study 30-day readmission rates and the other to study whether patients were seen by their PCP within 7 days of hospital discharge.
To develop the readmission cohort, we started with all hospitalized patients who were discharged between 1 January 2012 and 30 November 2015 (Appendix Table 1 , available at Annals.org). For beneficiaries with multiple hospitalizations in the same year, the first hospitalization was kept. We then identified patients who were discharged alive and not transferred to other acute care hospitals. We included only hospitalizations for beneficiaries aged 66 years or older with continuous coverage from Medicare Parts A and B and no HMO in the 12 months before and 1 month after hospitalization. We excluded those who died without a readmission within 30 days after hospital discharge. We selected beneficiaries who had an identifiable PCP in the year before hospitalization and excluded those whose PCPs had fewer than 50 hospital admissions in the data. We defined a PCP as a generalist (general practitioner, family physician, internist, or geriatrician) who saw a given patient on 2 or more occasions in an outpatient setting in the year before the hospitalization of interest (12) . We used CPT (Current Procedural Terminology) codes 99201 to 99205 (new patient encounters), 99211 to 99215 (established patient encounters), and G0463 to identify outpatient visits from carrier files. The generalist with the most visits was assigned as the PCP. When 2 generalists had an equal number of visits, the most recently visited provider was assigned.
The follow-up cohort differed from the readmission cohort in that it included only patients discharged directly to the community and did not exclude those who died in the 30 days after discharge (Appendix Table 2 , available at Annals.org).
Measurements
Patient age, sex, ethnicity, and Medicaid eligibility were obtained from Medicare beneficiary summary files. We used the Medicaid eligibility indicator as a proxy for low socioeconomic status. Admission type (emergency vs. nonemergency and weekday vs. weekend) and diagnosis-related group (DRG) codes were obtained from MedPAR files. We determined residence in a nursing facility in the 3 months before the hospitalization of interest using the MedPAR files and evaluation and management codes 99304 to 99318 (nursing facility services) from carrier files (13) . Total numbers of hospitalizations and outpatient visits in the prior year were identified from MedPAR files and carrier files, respectively. Education level at the ZIP code of residence was obtained from the 2011 American Community Survey estimates from the U.S. Census Bureau. Elixhauser comorbidity indicators were identified using claims from the MedPAR, carrier, and outpatient statistical analysis files in the year before the hospitalization of interest (14) .
Study Outcomes
The primary outcome was any readmission within 30 days of discharge. A secondary outcome was whether patients were evaluated in an outpatient setting by their PCP within 7 days of hospital discharge.
Overview of Analytic Approach
Our aim was to describe the degree of variation in readmission rates that is attributable to PCPs. We explored many analytic approaches, which yielded nearidentical results. Our main results were generated from a marginal logistic model. We repeated the analyses using a multilevel logistic regression model and a conditional model. To plot risk-standardized rates of 30-day readmissions for each PCP, we used bootstrapping with the multilevel regression model to estimate the 95% CI for each PCP.
We estimated the stability of the PCP-adjusted readmission rates by comparing the results based on admissions from 2012 to 2015 with those based on data from 2008 to 2011 for the 3408 PCPs with data in both time periods. Finally, we calculated the 95% CIs for different postulated rates of readmission for a PCP at different sample sizes (numbers of admissions) to explore the feasibility of generating robust information on PCP performance using the readmission rates of their patients.
Statistical Analysis
Descriptive analyses were used to summarize the association between patient characteristics and readmission rates within 30 days of hospital discharge. We used generalized estimating equations (population average or marginal) models in the GENMOD package in SAS to obtain predicted 30-day readmission rates and population-averaged odds ratios associated with patient characteristics. We obtained the predicted 30-day readmission rate and 95% CI for each patient characteristic from a multilevel logistic model and a generalized estimating equations model using the margins command after running a logistic regression in Stata (15) . For continuous variables, the predicted readmission rates were calculated at the median point. The model was adjusted for patient age, ethnicity, sex, Medicaid eligibility, education, emergency admission, weekend admission, DRG weight, major DRG diagnostic class, nursing home residence in the 90 days before admission, the 31 Elixhauser comorbid conditions entered separately, number of acute hospitalizations in the 12 months before the admission, and number of outpatient visits in the prior year. As an alternative, we implemented a multilevel logistic regression model (patient and PCP) using the same covariates. The model was implemented using the GLIMMIX package in SAS, and the QUAD method allowed variables to be estimated by quadrature (16, 17) .
We estimated the risk-standardized rate of 30-day readmissions for each PCP with the method used by CMS (18) . Risk-standardized rates were calculated as the ratio of the predicted to expected number of readmissions, multiplied by the national unadjusted rate of readmission. For each PCP, the numerator of the ratio is the number of readmissions predicted within 30 days based on the PCP's observed case mix. The denominator is the number of readmissions expected based on the nation's performance with that PCP's case mix. The model was repeated 1000 times, and the means and 95% CIs were calculated on the basis of these 1000 values for each PCP. We then plotted the adjusted rate and 95% CI for each PCP and ranked them from low to high. We considered a PCP's readmission rate to be statistically significantly higher or lower than the mean if the 95% CI excluded the mean risk-standardized rate of readmission for all PCPs.
We evaluated the stability of the PCP-level profiling by comparing the risk-standardized rate of 30-day readmissions generated from the bootstrapping method in 2 time periods (1 January 2008 to 30 November 2011 and 1 January 2012 to 30 November 2015) for the 3408 PCPs with at least 50 admissions in each time period. For each time period, we categorized each PCP as having adjusted rates that were significantly higher than the mean, significantly lower than the mean, or not significantly different from the mean; we then compared the categories in a 2 × 3 table.
ORIGINAL RESEARCH Variation Among Primary Care Physicians in 30-Day Readmissions
To explore the robustness of the estimates of PCP readmission rates, we calculated the 95% CIs for different postulated readmission rates at different postulated sample sizes using the following formula:
We set the expected readmission rate at 13% and calculated the minimum sample sizes that could be used to detect different postulated observed rates (starting at 14.0% and increasing by 0.25-percentage point intervals) that would be significantly different from the expected rate (that is, their 95% CIs excluded 13%).
The analyses of rates of follow-up visits with the PCP were similar to those of readmission rates and had the same covariates. We used SAS, version 9.4 (SAS Institute), and Stata, version 15.1 (StataCorp), for the statistical analyses. The research was reviewed and ap- 
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RESULTS
The cohorts for investigating readmission included 565 579 hospital admissions in 2012 to 2015 and 4230 PCPs. Each PCP had at least 50 admissions; the median was 108 (interquartile range, 74 to 168 admissions). The Table presents the results of a marginal or population-averaged model examining the association of patient characteristics with the odds of a patient being readmitted within 30 days and with adjusted 30-day readmission rates. Higher adjusted readmission rates were associated with increasing age, male sex, Medicaid eligibility, emergency or weekend admission, nursing home residence, higher DRG weight (indicating greater illness severity), and more episodes of inpatient or ambulatory care in the prior year, but most associations were of small magnitude. Lower rates were associated with Hispanic ethnicity and residence in areas where a higher proportion of residents had a high school education. These results were nearly identical to those from a multilevel logistic regression model that was used to generate risk-standardized rates of 30-day readmissions for PCPs (Appendix Table 3 , available at Annals.org). Figure 1 shows the variation among PCPs in the risk-standardized 30-day readmission rates of their patients, adjusted for all of the variables in the Table and generated using the CMS method with bootstrapping. It shows the mean value and 95% CI of the rates for each physician. The average risk-standardized readmission rate for the 4230 PCPs was 12.9%. There was little variation in readmission rates. The minimum value was 11.2% and the maximum 15.3%. The 10th and 90th percentiles for the rates were 12.4% and 13.4%, respectively; each differed from the mean rate by 0.5 percentage point. Only 1 PCP had a rate that was statistically significantly higher than the average, and none had a significantly lower rate.
We examined the stability of the readmission rates between the 2 time periods (2008 to 2011 vs. 2012 to 2015) for the 3408 PCPs who had at least 50 admissions in each. In 2008 to 2011, 2 PCPs had risk-adjusted readmission rates that were significantly higher than the mean and 1 had a rate that was lower than the mean. In 2012 to 2015, rates for these 3 PCPs did not differ from the mean.
We estimated the minimum number of admissions attributable to a PCP that would result in a readmission rate significantly different from the average adjusted rate. Figure 2 shows the absolute difference from the mean rate for postulated readmission rates versus the minimum number of admissions whereby the 95% CI for that rate would exclude the average rate for all PCPs. The 99th percentile of PCP readmission rates was 14.0%, a difference of 1.1 percentage points from the mean rate of 12.9%. A sample size of more than 3500 
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Readmission rate estimates were generated with a method used by the Centers for Medicare & Medicaid Services, which generates the ratio of the predicted to expected number of readmissions, multiplied by the national unadjusted rate, with bootstrapping (18). The readmission rates (adjusted means and 95% CIs) for each PCP are ranked from lowest to highest. The adjusted mean rate was 12.9% (dashed line). The minimum and maximum adjusted rates were 11.2% and 15.3%, respectively. The 10th percentile was 12.4% and the 90th was 13.4%, each only 0.5 percentage point from the mean. The 99th percentile rate was 14.0%, 1.1 percentage points above the mean. Only 1 PCP had a significantly higher readmission rate, indicated in red, and no PCP had a significantly lower rate. PCP = primary care physician.
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admissions would be required for the 95% CI of that rate to exclude the mean rate.
As a comparison with readmission rates, we also calculated rates at which individual PCPs saw their patients within 7 days of hospital discharge to the community (Appendix Table 4 , available at Annals.org). The overall rate for the 413 527 beneficiaries followed by 3603 PCPs was 20.4%. Patients were more likely to be seen if they were older, of Hispanic ethnicity, or male; had an emergency admission; had had more physician visits in the prior year; or resided in an area where a higher proportion of adults had a high school education. Patients were less likely to be seen if they were black, had a higher DRG weight, or had been hospitalized more often in the prior year. Figure 3 shows the variation among the 3603 PCPs in rates of seeing their patients within 7 days. The analysis was similar to that used to produce Figure 1 . Approximately 14% of PCPs had adjusted follow-up rates that were significantly above average, and approximately 16% of PCPs had significantly lower rates.
DISCUSSION
We found almost no significant variation in readmission rates by PCP. The adjusted readmission rate at the 99th percentile and the mean rate for the 4230 PCPs differed by only 1.1 percentage points. The number of admissions per PCP that would be required for reasonable power to detect the differences in readmission rates among PCPs is far larger than the number of admissions actually generated by individual PCPs. Of note, the data on PCP admissions in our analyses were obtained over 47 months. Any evaluations based on yearly data would have only about a quarter as many cases. Also, we included only PCPs with at least 50 hospital admissions. This excluded 65% of the PCPs in the Texas Medicare data (Appendix Table 1 ).
This research has important implications for health care policy. In 2015, CMS launched the Merit-based Incentive Payment System, a pay-for-performance program (11) . In this program, performance on readmissions is a mandatory and important measure for groups with 16 or more physicians who collectively have more than 200 admissions per year. An assumption underlying this requirement is that readmission rates vary by PCP independently of patient characteristics; therefore, applying penalties and incentives will incentivize PCPs to change their practice patterns to reduce readmissions. Our finding of minimal variation in risk for readmission among PCPs calls into question any pay-for-performance program that aims to reduce readmissions and assumes variation by PCP. Furthermore, our analysis indicates that the threshold used in the Merit-based Incentive Payment System of 200 or more readmissions per year is far too low to distinguish real-world differences among PCPs or group practices.
Tang and colleagues (19) described substantial variation in readmission rates among primary care clinics within a single tertiary care center. This variation may be explained by the clinical diversity of patients between clinics (for example, HIV vs. geriatric clinics) and lack of adjustment for individual patient characteristics. We are not aware of any other studies that have examined variation in readmission rates among individual PCPs.
We show low rates of and substantial variation in early postdischarge follow-up by PCP. These results mirror the findings noted at the hospital level in previ- Figure 2 . The number of admissions for each PCP (or group practice) that would result in 95% CIs that exclude a mean readmission rate of 13%, at different absolute differences from the mean rate. Variation Among Primary Care Physicians in 30-Day Readmissions ORIGINAL RESEARCH ous research (9, 20) . Our research points to a continued opportunity to increase rates of and standardize decision making about postdischarge follow-up, as recommended by professional societies (21) and encouraged by federal policy (22) .
Our finding of minimal variation in readmission rates by PCP should be taken in the context of our previous research that showed significant variation in risk for readmission by ED physician (10) . At the hospital level, overall admission rates are a major determinant of hospital readmission rates (23) . The lack of variation in readmission rates by PCP coupled with significant variation among ED physicians suggests that admission and readmission decisions for many patients are made by the ED physician rather than the PCP (24) . This may be especially true for recently discharged patients because PCPs may feel less equipped to address their care owing to increasing discontinuity because of increasing use of hospitalists (25) . This discontinuity is amplified by poor handoffs of care to the PCP at discharge (26, 27) , and most PCPs are unaware of the worsening condition that leads to their patient's readmission (28) .
This study has limitations. We studied patients with fee-for-service Medicare over a 4-year period. We could not control for patient characteristics that are not captured in Medicare databases. Our findings may not be generalizable to younger patient populations or other time periods. We could not classify our readmissions as avoidable versus unavoidable. The readmission rates in our study are lower than those reported for Medicare beneficiaries nationally (1), perhaps because we selected only patients who had a PCP and selected only 1 hospitalization per patient per year. Our study was limited to Texas and may not be generalizable to other areas, although the readmission rates in Texas are similar to nationwide rates (29). Our finding of lack of variation in readmission rates by PCP does not necessarily mean that incentivizing and penalizing PCPs to reduce readmissions will not influence readmission rates. An alternate but less likely interpretation of our findings is that PCP practice patterns influencing readmission rates are uniformly poor, with room for improvement among all PCPs.
In summary, this study shows negligible variation in readmission rates among PCPs when patient characteristics are controlled for. Primary care physicians do not generate sufficient admissions to expect reasonable power to detect differences by PCPs or by most group practices. Therefore, pay-for-performance programs to reduce readmissions on the basis of variation in readmission rates among PCPs may not be effective. Estimates were derived by a method similar to that used by the Centers for Medicare & Medicaid Services to measure readmission rates. We generated the ratio of the predicted to expected number of patients with follow-up for each PCP, multiplied by national rates, with bootstrapping (18) . Adjusted rates of follow-up are ranked from lowest to highest. Rates and 95% CIs that significantly differ from the adjusted mean rate of 21.7% (dashed line) are shown in red. Of 3603 PCPs, 514 (14.3%) had 7-d follow-up rates significantly higher than the mean and 580 (16.1%) had rates significantly lower than the mean. The 10th percentile for the rates was 13.0%, and the 90th percentile was 31.2%. PCP = primary care physician. Hospitalizations in the prior year 0.4 (0.9) 0 (0-0) 1.10 (1.09-1.11) 11.5 (11.3-11.6) Physician visits in the prior year 13.4 (8.6) 11 (7-17) 1.07 (1.05-1.08) 11.8 (11.6-11.9) DRG = diagnosis-related group; IQR = interquartile range; PCP = primary care physician. * Odds ratios generated from the same model are also presented. Percentages may not sum to 100 due to rounding. † Estimated from a multilevel model with patient characteristics presented in the table, plus major diagnostic category and 31 Elixhauser comorbidity indicators entered individually. ‡ Per 1 DRG unit, 1 hospitalization, or 10 physician visits. § Calculated at the median point for continuous variables.
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